and in older patients I do not think its results compare with those of surgery.
infant is the son and heir, and for the first two weeks behaves normally, taking feeds well, gaining weight, not vomiting, and having normal motions. Then, in the third week, without evident cause, he begins to go downhill. First there is cessation of weight gain, then an occasional vomit, and less regularity of the bowels; soon there is actual weight loss, the vomiting becomes more frequent and copious and rapidly acquires projectile characteristics. At this time constipation is a definite feature, and the napkins are wet much less frequently than before.
Vomiting does not necessarily occur after each feed. One or more feeds may be retained, and then an unusually large vomit empties the stomach of the last and previous feeds together. The vomitus occasionally contains blood, either in the form of fine streaks or intimately mixed, giving a " coffee-grounds " effect. This has occasionally been observed for one or two days after operation. There is a distinct facies in this diseasethe furrowed brow, pale face, prominent sucking-pads, over-ready lip reflex, and constant fist-gnawing, being readily recognized by anyone accustomed to seeing many cases. The consistently keen appetite, even after large vomits, and the absence of retching or evidence of indigestion are also helpful.diagnostic points.
On physical examination the visible waves of peristalsis are perhaps the most striking feature. These may be seen at any time if the abdomen is examined in a good light-either spontaneously, usually after a feed, or elicited by flicking the skin with the forefinger. They appear as golf-ball-like waves of contraction, commencing beneath the left costal margin, and slowly progressing across the epigastrium towards the umbilicus, clearly outlining the shape and position of the stomach. The point where the waves cease is an indication of the locality of the pylorus, and here the tumour is to be palpated. The tumour is always palpable, but whether it is actually felt in any given case depends on a variety of circumstances. It is sometimes tucked up under the liver and can only be appreciated when the stomach has either been emptied or filled, or is actively contracting. Several examinations may be necessary before the olivelike tumour is felt with certainty. There has to be complete relaxation of the abdominal wall, and this may not be readily obtained. The more often each case is examined the nearer will the number of tumours felt approximate to 100 per cent. One other striking feature on abdominal inspection is the marked hollowing of the lower half of the abdomen in comparison with the upper, which is usually distended by the dilated stomach. While the skin turgor is poor, as it is in marasmus, the striking difference between the upper and lower halves of the abdomen is only seen in pyloric stenosis.
Variations in the clinical history are frequent. First, in the time of onset of vomiting, which not infrequently occurs before the third week. In two of our cases it was first observed while the infants were still in the maternity hospital (that is, they were less than 10 days old), in one case, a doctor's child, it occurred on the fourth day : in two more it had quite certainly commenced in the first week. Bilderback has reported a case starting as early as the fourteenth hour after birth. At the other extreme we had three cases in which no vomiting occurred until the sixth week. Ibrahim14 found that out of 266 cases only five started as late as the eighth week, while Sauer' found that not more than 1 per cent. started after the eighth week. Secondly, while absolute constipation is the rule, diarrhoea may occur, and this may be due to one of two causes-(a) infection, or (b) hunger. If all these cases are treated medically, quite a number will show a definite and progressive improvement, and will completely recover. They will, however, require to undergo continued treatment and close observation for from six to sixteen weeks, during which time they must be considered as weakly children liable to all intercurrent affections to which ailing children are heirs-enteritis, bronchopneumonia, etc. A further number will alternately improve and decline over a period of weeks or even months. Ultimately some of these, having successfully run the gauntlet of intercurrent affections, recover, whilst others will require operation. A third variety will show little or no sustained improvement, and will quickly or slowly develop into the severe type which demands operation.
If surgical intervention is insisted on in all moderately severe cases there is no doubt that many which would have recovered under medical treatment will be included. This, however, would appear to be more than balanced by the knowledge that they are cured more quickly by these means, and that a great many who would eventually require operation will have this done while they are much better able to stand it. All will have eliminated an anxious period of several months, during which, starved and wellnigh exhausted, they are but too willing victims to any complaint that is going round. They will also, by a procedure occupying but a few minutes, be enabled to absorb nutriment in a natural manner, and have the causal factor of their inanition immediately removed.
Medical Treatment
It is a well-known fact that the condition of pyloric stenosis is one which tends to spontaneous recovery from the fourth to the sixth month of life, for although the hypertrophy does not disappear the pyloric lumen gradually increases and more and more food can pass through. Medical treatment aims at keeping the infant alive until this spontaneous improvement commences. The two most important points in the treatment are: (1) maintenance of body fluids, and (2) prevention of infection.
In view of the small quantity of food which can be utilized by oral ingestion, the bulk of the fluid will have to be given parenterally. To ensure the maximum absorption of such food as is given, however, the following methods may be employed.
First, feeding as infrequently as possible-preferably not more often than four-hourly, the food being therefore as concentrated as possible. Any infant fed four-hourly has less tendency to vomit than one fed three-hourly or less often. Having regard to the caloric requirements it will usually be found possible to give an adequate formula using whole lactic acid milk with 10 per cent. glucose added-caloric value 1 per c.cm. (30 per oz.)-if breast milk is not obtainable. The use of wet-nurses, -though not so common now as formerly, finds its greatest value in cases of pyloric stenosis, and makes an enormous difference to the mortality of the medically treated cases.
Secondly, thickened foods are said to be vomited less easily, so that each feed may be boiled with 20 per cent. starch until it is of porridge-like consistency. It is fed from a " hygeia" or similar nipple with a wide orifice about the size of a lead pencil, being " basted " in with a spoon. The drawback to this method is that each feed takes about forty minutes to give.
Thirdly, taking advantage of the resting phase through which a stomach usually passes after emptying itself by vomiting, re-feeding may be employed, the approximate quantity vomited being re-fed immediately. This is often successfully retained.
Fourthly, luminal depresses the vomiting centre and may be used in conjunction with the foregoing methods in dosage as described under " pylorospasm." The same applies to atropine. Fifthly, once (or twice) daily gastric lavage is of particular value where the stomach is already dilated and there is considerable retention and mucous gastritis.
Normal saline is a satisfactory fluid to use, or sodium bicarbonate followed by saline. In view of the tendency which exists in all cases of pyloric stenosis to tetany, it is inadvisable to use sodium bicarbonate alone, as its continued use for lavage may precipitate an attack of manifest tetany.
Lastly, parenteral fluid administration. The fluids employed are isotonic saline, dextrose solution 5 or 10 per cent. in distilled water or normal saline, Hartmann's solution,6 and blood. The routes by which fluids may be administered are subcutaneous, intravenous, and intraperitoneal. If the dextrose is prepared according to the method described by Schwentker7 fewer reactions will occur than if glucose solutions are used. Blood transfusions are particularly valuable, and may be repeated many times in amounts not exceeding 10 c.cm. per lb. of actual body weight; it is not advisable to use more than 10 c.cm. per lb. lest undue stress on the heart should lead to dilatation, or the increased right-sided pressure should even reopen one of the foetal septal communications. and give rise to signs of congenital morbus cordis.8
Subcutaneous salines, however, are the main form of this treatment, and are best given by a two-way set, one needle in each flank, pointing towards the umbilicus, and delivered by gravity. Either needle may be inserted into the peritoneum at will, and a combined subcutaneous and intraperitoneal injection given. This latter method has the following advantages: (1) it is quicker, and (2) it supplies both a rapidly and a slowly absorbed quantity of fluid.
If surgical treatment is imminent it is undesirable to give any intraperitoneal injections for the twenty-four hours preceding operation, nor should the subcutaneous fluid impinge on the area to be incised.
Surgical Treatment
The pre-operative treatment consists of: (1) restoration of body fluids, as above, especially blood transfusions in bad cases ; and (2) a stomach wash-out immediately before operation.
OPERATION
Fredet's modification of Rammstedt's method9 is recommended.
The abdomen is opened by an incision one and a half inches long, high up over the inner half of the right rectus, thus obviating the possibility of intestinal prolapse and the needless waste of time in controlling it. The stomach is delivered by pressure on each side of the incision. The pylorus is incised longitudinally, care being exercised to avoid wounding any small vessels plainly seen beneath the serous coat. (If this point is not borne in mind much valuable time will be spent, either at the operation, or again later, looking for and ligatunng small vessels that are difficult to control.) The incision should be carried right on to the stomach: if it falls short of this very little benefit will accrue from the operation, for it will merely permit the lower gastric mucosa more effectively to plug up the exit from the stomach, and the infant may be denied even that little nourishment he enjoyed prior to the operation. The incision is deepened by blunt dissection until the mucosa is completely freed and pouts up into and along the whole of its length. Normal saline is introduced into the peritoneal cavity at the close of the operation usually about four to six ounces may be left in. The whole operation should not take more than five to seven minutes. milk is expressed and given in these quantities. Feeds continue at two-hourly intervals, water and " formula " alternating, increasing by 2 drachms every four hours, until after forty-eight hours the infant is returned to the breast, or is taking 3-ounce feeds four-hourly. If at any time during the forty-eight hours vomiting occurs the schedule is put back to the preceding feed and started off from there again-for example, if vomiting occurs after eighteen hours, when 1 j ounces of "formula " have been given, at twenty hours 1J ounces of water are given, and at twenty-two hours 1 J ounces of "formula " again, and so on.
Since the introduction of this schedule post-operative complications have been very considerably reduced.
POST-OPERATIVE COMPLICATIONS
These can be classified into two groups: (a) surgicalcomprising sepsis, hernia, haemorrhage, incomplete operation, and collapse; and (b) medical-gastro-enteritis, otitis, pyelonephritis, bronchopneumonia, and " ward infection." Surgical Complications.-These include any of the sequelae of an abdominal operation-namely, sepsis and breaking down of the wound (due to sepsis or faulty closure), which may be followed by an early or late incisional hernia. Haemorrhage may also occur at the site of the pyloric incision; this can be obviated by exercising greater care in making the incision, and by perfect haemostasis-for example, by underpinning the vessels involved at the time of the operation. An incomplete operation soon makes itself manifest by an early and persistent recurrence of the original projectile vomiting, a condition which requires prompt intervention in the form of a second operation carried out right on to the distal portion of the stomach, as the original incision should have been made. By the severity of its symptoms this condition is readily differentiated from that of occadioxide, as previously mentioned, is probably the best prophylactic for this complication.
Medical Complications.-" Ward infection " is the most difficult of these complications to be guarded against, and represents the most potent argument in favour of surgical treatment. Infants suffering from pyloric stenosis are by nature weakly, and prone to infection, so that the sooner they are out of hospital the better. In fact, after the first forty-eight hours are successfully passed, and a fourhourly schedule started, the infant may well be discharged. Of the other complications, gastro-enteritis is prevented by the use of a clean, digestible feed in proper quantity; otitis by the daily inspection of the ear drums and prompt use of phenol in glycerin drops at the first sign of reddening of the drum, or myringotomy if necessary. In this series four cases required myringotomy and two antrum drainage. Frequent examination of the urine and the use of sodium bicarbonate (no longer contraindicated after operation) are measures to be taken against pyelonephritis, while bronchopneumonia may be averted by general nursing care.
Review of Cases and Conclusion
There were thirty-one private cases and 178 hospital cases in the series under observation. Of the private cases twenty-two were first-born children-that is, almost 79 per cent.-and thirty were males-that is, 96.8 per cent.
In the private cases there was one death-a mortality rate of 3.2 per cent.-the cause of death being gastroenteritis, a condition that had been present for several weeks prior to operation, and had never cleared up. This patient died ten days after operation. In two of the cases the symptoms occurred in the first week; in three they arose in the second week; in fifteen, in the fourth week; and in one in the fifth week. The infant that died was operated on in the eleventh week, the condition having been present for eight weeks It was seen that a number developed bronchopneumonia. Of these five died, even though the lung involvement was not extensive. A further and greater number developed enteritis, some (particularly the older cases) were suffering from this complaint prior to operation ; in all, six died from this disorder. Nine died within a few hours of the operation, apparently without ever recovering from it. Four collapsed and died two or three days after operation, apparently from collapse of the lung-they had been thriving well. Three slowly and steadily petered out, dying some ten to fourteen days after operation. Although they had ceased vomiting, they continued to lose weight, and steadily went downhill.
without showing any response to remedial measures. It was noticed that a few cases, apparently good operative risks, behaved in this manner; though now obtaining and retaining their feeds, they seemed totally incapable of absorbing them. Others, apparently bad operative risks, immediately and continuously improved from the time of their operation. In this connexion it was noticed that breast-fed children behaved well, but as the vast majority of these had been ill for a shorter period, this is a fact which is perhaps not so significant as might appear at first glance. One died in tetany four days after operation. In another case the stitches burst, and the child died two days later.
Two much stress cannot be laid on the importance of the following two factors. (1) Routine examination of the ears, particularly in cases of raised temperature, fretfulness, and disinclination for food-that is, cases not behaving according to plan. (2) Having a diet scheme and adhering to it: the stupid and malicious practice of eternally changing the diet at the slightest provocation causes both the infant and his attendants to become dizzy.
The early mortality was high (24 per cent. in the first sixty), but no case was ever denied operation, and many were moribund when subjected to it. Now that the cases are seen and operated upon early, most people realize that it is a simple, safe, and certain means of restoring the child to normal in the most rapid manner It was impossible to make quantitative estimations of vitamins before the international standards of reference became available, as there were no trustworthy units in which to express results. The United States Pharmacopoeia " rat unit " was devised to try to meet this want, but it was defined as " the amount of vitamin A required to produce an increase in weight of 2 to 3 grams per week for five weeks in rats which had ceased to grow on a diet deficient in vitamin A." It was not realized at the time that the animal response to any given dose of vitamin A fluctuates, with the result that the increase in weight of 2 to 3 grams per week could be brought about by different amounts of vitamin A at different times, and *that the " unit" of vitamin A activity, therefore, varied accordingly.
Comparisons between different substances or between the products of different treatments of the same substance used to be made by determining the doses of the respective products which gave equal responses in small groups of animals. When the groups receiving the different doses were fed simultaneously the comparisons would be accurate provided the groups of animals were fairly big; but it has often happened that comparisons have been drawn between results obtained at different times, sometimes even after intervals of years, the variation in response of the whole stock of animals being unsuspected and therefore ignored. If a food was found to produce a smaller response in the test animals than it had produced some months previously, it was concluded that the food had lost in vitamin value during the interval. Quite recently an experiment was reported in which a sample of dried carrots had produced a bigger response in the test animals than part of the same sample had when examined three months before, and it was concluded that the vitamin A content had increased during storage. Without a simultaneous test on a standard of reference to estimate the sensitivity of the rats in each examination it is impossible to say whether the vitamin A (or carotene) had really increased in amount or not.
It 
